Introduction and Guiding Questions
Many studies have demonstrated the need for greater participation and increased diversity in science, technology, engineering, and mathematics (STEM) to sustain economic growth and meet global challenges 1 . One important element in the STEM enterprise is the process of creative innovation-of reimagining problems and solutions in new and different ways and designing and producing inventions that are novel, useful and of high quality. This endeavor requires people who have a broad set of skills, including technical knowledge, creativity, resilience, an understanding of the design process, entrepreneurial thinking, and strong communication skills 1 .
Just as importantly, innovators need to be able to effectively collaborate and work in teams to solve problems-all talents grouped under the umbrella term "21st Century Skills" 2 .
There are numerous reasons why proportional participation by all parts of the nation's workforce in creative innovation is important. Research has shown that diverse workforces outperform those with less gender and ethnic diversity, and that diverse design teams produce more radically innovative solutions 3, 4 . Currently, women and minorities patent inventions at disproportionately low levels, with women patenting at 40% the rate of men in the life sciences, and less than 10% the rate of men in IT fields 5, 6 . In 2012, Hunt et al. reported that only 5.5% of commercialized patent holders were women 7 . Most of the underrepresentation was attributed to women's underrepresentation in engineering and in jobs involving development and design.
The K-12 InVenture Challenge (IC) in conjunction with the Georgia Tech InVenture Prize for undergraduates comprise a K-16 pipeline for cultivating creative innovators. The programs blend invention and entrepreneurship to encourage students to find authentic and interesting problems to work on and develop viable, marketable solutions. To make these objectives accessible to K-12 audiences, the IC provides a structured, simplified approach for teachers to guide students through an open-ended design problem within a domain of the students' choosing.
In this paper, we will describe the K-12 InVenture Challenge and the K-16 ecosystem in which it is situated. Then, we will focus on research outcomes related to the following guiding questions: 1) To what extent does participation in the IC affect K-12 teachers' self-efficacy for teaching engineering and entrepreneurship content? 2) What are teachers' perceptions of the program's impact on students?
Background and Origins
The IC was originally developed as a high school-level competition with materials created by high school science teachers in partnership with the creators of the Georgia Tech (GT) InVenture Prize, an undergraduate invention competition with a live TV show airing on Georgia Public Broadcasting 8 . During the 2015-16 school year, 1500 K-12 students participated in the InVenture Challenge, with 60 of the top teams ranging from 1 st through 12 th grade presenting their inventions at the state finals. At the same time, the 2015 GT InVenture Prize attracted 500 undergraduate inventors with a live TV broadcast to 1500 studio audience members and 50,000 TV viewers, making it the largest collegiate invention competition in the US. Since piloting in 2012, K-12 InVenture Challenge participants have matriculated into GT and other universities, often pursuing entrepreneurial activities on campus. In fact, several InVenture Challenge participants, frequently girls and as young as 6th grade, are already pursuing patenting opportunities. The competition has continued to grow; the 2016-17 cohort has reached more than 2000 students in 15 counties with 80 teams planning to present their inventions at the state finals.
In the IC, students are free to work on a project of their choosing-there are no required themes or disciplines. We believe that keeping the projects in a currency of the students' choosing helps boost student engagement and willingness to see a difficult challenge through to completion 9 .
Different teachers approach project selection or problem finding differently; this is an important skill for innovation and something that is unique to invention education as opposed to robotics and other STEM activities. Many students choose problems that are personal to them or their families, especially at the younger grade levels. Examples include ways to clean their pets' feet, ways to prevent their ice cream cone from dripping, and ways to help a baby wean from a pacifier. Some of the older students think more globally, such as new ways to filter water in developing countries or ways to prevent fertilizer from getting into runoff water.
The InVenture Ecosystem Model
One of the reasons that the IC has been successful and scalable at least thus far is the highly integrated ecosystem in which it is embedded. This ecosystem is shown in Figure 1 , below. The university partner plays critical roles throughout the invention process in terms of providing curriculum and professional development for teachers, as well as hosting the state finals, but also relies heavily on teacher facilitators, community partners, faculty mentors, and local school partners. For example, students are offered the opportunity to receive feedback on their ideas via virtual pitch practice held online. Both faculty members at the university and community partners can then serve as mentors and provide feedback on the pitches to help students prepare for their upcoming competitions. Previous research shows that teachers value the university connection and being able to take their students' ideas outside of the classroom 10 .
Events, Offerings, and Professional Development
The IC offerings include teacher professional development workshops in the summer, virtual (online) interim pitch feedback for students in the winter, and the state finals competition in the spring. Schools often host local competitions to determine their top teams for state finals. At state finals, students come to campus to compete with their inventions and are judged by industry professionals, CEOs, government representatives, faculty members, and more. After their competition, they are invited to stay on campus for the live filming of the InVenture Prize, and sometimes K-12 students are featured in the broadcast. In addition, some schools come for additional field trips to see the Capstone Expo for senior design projects. For more details on the IC offerings, see Moore et al., 2017 10 .
Methods
Research Design: This research utilizes a mixed methods approach employing both qualitative and quantitative sources (i.e., surveys, interviews, and a focus group) to determine the nature of teachers' experiences with InVenture Challenge and teachers' perceptions of the program's impact on students.
Participants: This study is being conducted with teachers who implemented the InVenture Challenge (IC) in their schools during the 2015-2016 academic year. All teachers were invited to take part in the study. Teaching Engineering Self-Efficacy Scale Self-efficacy for teaching engineering was measured with the Teaching Engineering SelfEfficacy Scale (TESS), which was developed and validated by Yoon Yoon et al., 2014 11 . These authors "define teaching engineering self-efficacy as a teacher's personal belief in his or her ability to positively affect students' learning of engineering" (p. 464). The scale assesses both overall self-efficacy for teaching engineering, and also the following four sub-constructs:
1) engineering pedagogical content knowledge self-efficacy: relates to their ability to teach engineering, based on their knowledge of engineering, in a manner that will facilitate student learning of engineering 2) engineering engagement self-efficacy: relates to their ability to engage students during engineering instruction
3) engineering disciplinary self-efficacy: relates to their ability to successfully manage a wide range of student behaviors during engineering instruction 4) engineering outcome expectancy: related to their belief in the linkage of their engineering instruction to student learning of engineering
The TESS includes items related to teachers' perceived ability with respect to planning, implementing, and managing the delivery of engineering content in the classroom. Prior research indicates that the scale and its subscales have strong internal consistency reliability, with researchers reporting Cronbach's α = 0.98 on the overall measure and Cronbach's α = 0.84 -0.94 on the four subscales 11 . Responses were provided on a six-point Likert-type response scale ranging from Strongly Disagree to Strongly Agree.
Teaching Entrepreneurship Self-Efficacy Scale
The Teaching Entrepreneurship Self-Efficacy Scale is a locally modified version of the engineering instrument intended to measure teachers' perceived ability with respect to various aspects of teaching entrepreneurship.
Teacher perceptions of students' experience A set of locally developed (not validated) survey items was included to assess teachers' perceptions of impacts of IC on their students' interests and abilities in engineering and entrepreneurship content areas as well as teamwork and communication. Specific student attributes include: enthusiasm for learning about engineering, enthusiasm for learning about entrepreneurship, presentation skills, teamwork, and understanding of a variety of engineering and entrepreneurship-related content topics. In the fall administration, the items asked about possible future effects of InVenture Challenge participation on students, while in the spring administration, the items were worded to ask about observed effects of InVenture Challenge participation on students.
Focus Group and Interview Protocols
The focus group guide and interview protocol were written by the research team, and were informed by previous research related to teachers' participation in IC. Focus group questions were designed to target new teachers' experiences with implementing the program and their perceptions of how participating in the program has impacted both their teaching and their students' learning. Focus group questions also addressed the level of school and administrative support teachers received, as well as any challenges they faced, during their first year of IC implementation.
The interview protocol questions were aimed at understanding why veteran teachers continued to participate, how IC fits with their pedagogical approach and regular course content, and how the program benefits their students as well as themselves. Four interviews were conducted, each lasting approximately one hour, with teachers who had participated in IC at least once prior to the 2015-16 school year. Both the focus group and the interviews took place during state finals in March of 2016.
Data Analysis:
The method of data analysis chosen for this study is a qualitative approach of thematic analysis. Thematic analysis is the most used qualitative approach to analyzing interview and focus group data. According to Braun and Clarke (2006) , thematic analysis is a method used for "identifying, analyzing, and reporting patterns (themes) within the data" (2006, p.79) 12 .
Results & Discussion

InVenture Challenge Teacher Survey:
A total of 38 teachers responded to the survey in the Fall, 2015 survey administration, and a total of 23 responses were received in the Spring, 2016 survey administration. Some respondents were omitted if the data were mostly incomplete.
Teaching Engineering Self-Efficacy Scale & Teaching Entrepreneurship Self-Efficacy Scale
Overall results for both Teaching Engineering and Teaching Entrepreneurship Self-Efficacy are shown in Table 1 . In general, mean responses on the both the engineering and entrepreneurship items were high across both survey administrations, with a majority of mean responses fall above a score of 5.0, indicating a mean response of "Agree" or higher. These results indicate a high level of confidence for various components involved in teaching engineering and entrepreneurship which remained mostly unaffected by participating in IC. Comparable mean levels of agreement were provided for the engineering and entrepreneurship items, suggesting that teachers in these two samples feel equally well-equipped to teach both engineering and entrepreneurship. A common thread across both the engineering and entrepreneurship self-efficacy scale was the need for more time to plan lessons, as indicated by a generally lower mean response to that item as compared to others. These results echo those seen in our data from earlier surveys 10 . It is our hope that the InVenture Challenge curriculum materials will ease the burden on teachers, particularly returning teachers.
Some interesting patterns emerged from a comparison of mean scores on the four subscales described above: engineering pedagogical content self-efficacy, engineering engagement selfefficacy, engineering disciplinary self-efficacy, and engineering outcome expectancy. In both administrations, the lowest mean self-efficacy subscale score was provided for outcome expectancy, which is comprised of items related to taking direct responsibility for their students' achievements and improvements in engineering (e.g., "I am generally responsible for my students' achievements in engineering"). This echoes a finding from earlier work with this population 10 , and could possibly relate to the notion that teachers serve more as a guide than a direct provider of information in the context of IC, and see the students' engineering-related achievements as the purview of the students themselves, rather than as a direct result of teacher action or effort. Further investigation of this finding should be undertaken in order to achieve a deeper and clearer understanding of it. In both administrations, the highest mean self-efficacy subscale score was provided for engagement, suggesting these teachers feel particularly wellequipped to engage their students during engineering instruction.
On the entrepreneurship scale, one item received relatively lower mean responses, (though still relatively high), as compared to other items: "I am comfortable providing feedback about pricing and marketing aspects of student projects." This is an area where the IC curriculum could be augmented to provide additional guidance to and resources for teachers on this topic. Teacher perceptions of students' experiences As shown in Table 2 , across both survey administrations, all of the student work items had means of 5.0 or higher. These data suggest that teachers both expected and perceived a positive impact of IC on their students across a variety of outcomes. In both survey administrations, the same item received the lowest mean score: "Participating in IC will increase/has increased my students' understanding of how to start a business". This reinforces the need for supplemental materials specific to the business and entrepreneurial components of IC.
New Teacher Focus Group and Veteran Teacher Interviews:
Interview participants' (veteran teachers who had implemented IC at least once prior to 2015-2016 school year) background information is listed below to provide a better context for the qualitative data results:  Six teachers participated in the focus group  Two teachers are at the elementary school level, three are at the middle school level, and one is at the high school level.
The following results are organized by emerging themes from the qualitative data. There are seven themes which emerged from the data.
Theme 1: Teacher Motivation to Participate in InVenture Challenge
Teachers discussed a variety of personal and professional factors that motivate their decisions to participate in InVenture Challenge. The "fit" of the IC curriculum with the teacher's preferred teaching style, and/or particular mission or focus of the teacher's school or program (i.e., gifted program, STEM agenda, engineering-focused school, AP science course content, etc.), was often cited as a motivating factor across the spectrum of interviewees and focus group participants.
One interviewee who teaches AP biology mentioned alignment of IC with her district's push for increased STEM collaboration, and further discussed it as a good "fit" with her specific course as follows: The IC program as a good "fit" was highlighted by both elementary gifted teachers, who further commented that the program is well-aligned with the gifted program's standards around skills such as collaboration, communication, and divergent thinking. One counterpoint to this trend is that the other AP science teacher mentioned that a recent restructuring of the AP Physics course content and sequencing led him to change from implementing IC as a required in-class program, which he did in previous years, to a voluntary after-school program, which was the case for the 2015-2016 school year. He indicated that after the restructuring of the course, he did not have the time or flexibility in the curriculum that he felt is needed in order to implement IC as a required, in-class program.
Further, the elementary school teachers also discussed how they appreciate the opportunities the program offers, such as providing an integrated STEM experience and allowing students and teachers to move beyond the confines of their regular classroom and curriculum.
We are required to teach STEM, and so this would be the Cadillac of STEM, I think, because they go through so much research. They go through the math. The technology. Every part of it is science is all brought in together, so I feel like that they are using STEM every day.
Focus group teachers also discussed their motivation for participating in the program. Mostly they were motivated by the inquiry approach inherent in IC, and gave examples of the ways in which IC allows them to go beyond traditional science fair-type activities. One teacher stated during the focus group discussion:
Science Olympiad is more, 'This is what you need to do.' The guidelines are there, and the expectations are there. I think the open-endedness for us was probably the best thing because our students don't seem to have the opportunity to have that experience very often. It did push them out of their comfort zone and make them really think about all the different ways.
Other motivating factors discussed by the teachers included the IC association with Georgia Tech, the professional challenge of implementing IC, and benefits to students observed during the IC implementation.
I'm a gifted teacher and every part of the process really corresponds with our gifted standards, and the kids enjoyed it-they were very engaged in the collaboration and the innovation. It just was a really good fit…I think the biggest joy is seeing how the kids work together. They figure out their strengths, their weaknesses. They're investigating for the first time how to write a [survey] or how to use a CAD program and some of them are just a natural fit, intuitive with it. The ones that are really good at writing tend to stick to the writing requirements and then you have the kids who are really creative, out of the box, hands on kind of thinkers who like to do the tinkering with the prototypes. So, it's really cool to see them all come together.
Theme 2: InVenture Challenge Impact on Students
The teachers discussed their observation of the benefits of IC among their students as a result of their participation in InVenture Challenge. They have been organized into four subthemes, which are discussed below.
Subtheme 2a: Engineering and Entrepreneurship-related Factors
Teachers consistently discussed how they valued teaching engineering and entrepreneurship to their students, but their reasons for valuing this content differed. One high school teacher noted the importance of teaching students about understanding your customer and recognizing that business decisions entail constant risk analysis and cost-benefit tradeoff considerations; his reasoning behind the value of entrepreneurship education focused on specific, practical considerations within a business setting. An elementary school teacher noted that learning about entrepreneurship can prompt a variety of career interests, possibly ones that students had not previously considered; her value on entrepreneurship education relates to opening students' eyes to potential careers. This elementary school teacher also noted an increased interest in engineering, particularly among female students, as a result of IC participation.
I think an interest level. The girls, especially, who say, 'Wow, I didn't realize I could do this!'
The other elementary school teacher discussed entrepreneurship as it relates to students' abilities to turn their ideas into a real product, a level which some of her groups were able to approach. Some of these students expanded the scope of their project to include establishing contact with major companies. She also noted that IC emphasizes to students that successful designs must be rooted in consumer needs, and also highlights the importance of research and patent searches for students to determine the originality, or lack thereof, of their ideas.
This year we did a tiny bit better with this. I have one group, again, it goes back to the mentoring. The glasses group that I was talking about, they were able to go to a major movie chain in Atlanta that my brother-in-law works for and was able to talk to them about closed captioning glasses, but they may have an opportunity to pitch their idea to a Sony rep.
Focus group teachers also agreed that IC developed the "entrepreneurship mind." This included developing students' understanding of a real-world problem, creating a solution, and meeting with business partners to market a product. Further, teachers discussed how their students learned from the challenge of determining the marketability of the product. Students discovered the importance of market research and knowing the nature of the product components in order to decide the price for their product, so that they could make a profit. All of these are elements of entrepreneurship. Further, focus group teachers observed an increased interest in engineering, as well as an enhanced understanding about the breadth of engineering fields. 
Subtheme 2b: Personal Growth/21st Century Skills
Both elementary school interviewees discussed IC participation as a source of confidence building for their students, specifically confidence related to how to research, how to improve something, presenting their work to an audience, and also self-confidence in terms of identifying their strengths. Elementary teachers also saw students improve their teamwork, innovation, and communication skills through IC participation.
I think self-confidence. I think they better understand…what they're really good at…you see some of your non-traditional kids shine in InVenture because of their creativity or quirkiness or they thought of something…They just leave with a good understanding of their own strengths and weaknesses and how to approach long term projects and deadlines in the future. …and the whole collaboration piece is huge. Because some groups, if they're not cohesive or if somebody's railroading the group, it dissolves pretty quickly so they learn how to deal with different personalities and learn how to work as a collaborative unit which I think is really important.
High school level interviewees were less likely to bring up this type of student benefit, although one high school teacher highlighted the opportunity to present and improve presentation skills.
It's great exposure for the kids and I think that when ... I think the more venues that we can get these kids to present in and polish their product and their presentation, the better off the kids are going to be.
Focus group teachers echoed the idea IC helps to build self-esteem and self-confidence. Students expressed that IC was "the hardest thing" that they had ever done. Specifically, teachers expressed that the "Pitch Day" activity, involving dry runs of their presentations, really built students' confidence and self-esteem. Focus group teachers also listed improved teamwork and communication skills as student benefits from IC.
These kids ... I saw a confidence level increase in their communication with their peers about their product. Some of my girls are really soft-spoken, but working with them about, "Oh, yes. This is the reason why," that confidence you could see become a real boost throughout this process. Subtheme 2c: Understanding of Science
High school interviewees talked about IC as providing their students with a deeper understanding of and experience with the nature and process of science. They discussed IC's emphases on the role of iteration in the process of science, the need to confront adversity, the need for practice rather than memorization, and the importance of continuous improvement.
…kids will go…oh, I got an A in biology, because I memorized the book and took the test and I got an A. I tell them, physics isn't like that. You have to try and practice and see it this way, and it's an iterative thing, and this project, this kind of project, reinforces that kind of thing." They saw that too, like I should have changed this and I should have changed this, and they get to see what errors have occurred and what they should have changed. Oh, I need to redo my prototype, so they get to see all of that. Not just think, oh, if I do it one time it's going to be correct, and that's the end. I'm going to get it right the first time and that's it. No, that's not the case, and they saw that process, and I was so glad that they saw that process. I think that InVenture Challenge helped them to see that.
One of the high school teachers ran her IC program with multidisciplinary teams of students from her AP Biology class and two other classes (engineering and technology), noting:
I like that fact that we were able to allow the students to work together so that they could see how this goes among various contents, not just this is strictly science, but you need the people in business and marketing, you need the people in engineering to help you…because they even think in school science is just science, math is math, and they think everything is separate, but we're trying to show them, everything is not separate. As a matter of fact, it's all interwoven.
This notion was emphasized to a lesser extent among the elementary school interviewees, but one did value the lessons her students learned about failure through IC.
Subtheme 2d: Real-world Relevance
Interviewees at both grade levels emphasized that IC teaches students the real world application and relevance of topics they learn in school. Students' experiences in IC illustrated the essential nature of understanding various content areas in order to be able to accomplish their project-related goals. IC also provided students with insights into possible future career paths. One high school interviewee observed that students' work in IC illuminated the reasoning behind taking various courses: not just to graduate, but to allow them to pursue their goals. 
I think it's a real world, real life, situation and we need to involve them in what'
Theme 3: InVenture Challenge Impact on Teachers
Teachers discussed various impacts of IC on themselves. One high school teacher discussed how IC provides a novel, real-world context to teach content in an authentic manner, and also exposes him to useful new content or presentation methods that he can incorporate into his teaching. He also reported enjoying "living vicariously" through his students as they worked through the IC. Additionally, one elementary teacher reported enjoying her role as a guide and a cheerleader for her students.
I love tinkering, and I love inventing, and even though I don't do it on a day to day job basis, I live somewhat vicariously through the kids doing that.
A majority of focus group participants reported that the manner of implementing IC was consistent with their teaching styles. This was also mentioned as a motivating factor for participating in IC. As a result, they reported that it did not change their teaching style significantly. However, a high school engineering teacher discussed how the IC process is very different from what she usually does in her class.
I was challenged by it. I'm an engineer, so the open-endedness of it challenged my students and me sometimes because they want to know the answer. They want to know the end result. They want to know the specifics, and I'm like, "I don't know."
Theme 4: School-level Support and Impact
Most interview and focus group teachers generally perceived that their schools and administrations were supportive of InVenture Challenge. One high school teacher acknowledged that due to the high time commitment that IC implementation entails for the teachers, the school administration would likely be unable to require participation. The other high school interviewee discussed in detail the impact of IC, and in particular an IC Expo event she planned at her school. She discussed the fact that her school is disadvantaged and often viewed in a negative light, and that IC presentations by students served as a source of inspiration and pride not only for the participants themselves but also for the larger school community. One of the focus group participant's role is as department chair in her school. She indicated that even though a lack of funding was a barrier to supporting the program, she encouraged all her teachers to participate because she really believes in the value of participating in such a program. During the focus group discussion, others mentioned that their principals are very involved and discuss IC very often in school meetings. Teachers also received support from the technology teachers, STEM coordinators, and other fellow teachers who could provide content support.
It
Theme 5: InVenture Challenge Learning Goals and Other Key Program Attributes
Interviewees were asked to provide their opinions on what IC's learning goals are, since it could be different for each of them. Teachers offered the following as components of IC's learning goals; the majority of these were cited by one or both interviewees at both grade levels:
 understanding and researching real-world situations  problem finding and problem solving  collaboration  research and investigation skills  creativity  explore an idea that may not work  try new things and expand students' horizons An interesting theme that emerged across both focus group and interview participants' discussions of IC was its open-ended, inquiry-based focus, which they often contrasted with something more task-based, such as a traditional science fair or Science
Olympiad. The openended nature of IC was generally regarded as a positive attribute of the program, although some teachers discussed challenges inherent in this openness, such as a lack of experience and comfort with implementing this type of curriculum. Some students also struggled with the openness, although teachers generally found this to be a good experience for students, despite the fact that some students found it difficult. It is a testament to the flexibility and customizability of the IC program and its curriculum that multiple teachers across grade levels, subject areas, and implementation settings reported that the IC was a good fit to the standards and content they needed to teach, and also to the general focus, approach, and/or setting of their school (e.g., district or school-level push for increased STEM instruction, gifted program, engineering-focused school, etc.).
Program components which entail visiting GT and/or interactions with GT faculty or other professionals were highly valued by teachers. 
Theme 6: Challenges Associated with InVenture Challenge Implementation
Teachers reported a series of challenges that they confronted during their IC implementations; most of this data comes from focus groups, as an explicit question on challenges was included in the focus group guide but not in the interview protocol. However, some interviewees discussed challenges in the context of other interview content. Some reported challenges related to limited resources in the form of money, time, and access to the computer lab for research. Others discussed challenges resulting from their lack of requisite content knowledge to assist students with their projects; some teachers turned this challenge into an opportunity to involve teachers from other disciplines to create a science community. One high school teacher intentionally instituted this "science community" approach by forming interdisciplinary teams, comprised of students from AP biology, engineering, and technology classes, to work on IC projects. Teachers also had some challenges related to clarity of requirements for various components of IC. Theme 7: Impact on student subgroups Veteran teachers were asked a question about whether they had observed any differential impact of IC participation on subgroups of students, either on the basis of gender, interests, ability level, economic background, etc. The teachers provided quite varied responses to this item. One high school teacher discussed ability level and "drive" for participating in IC, saying that students with lower ability and drive tended to group together, and that the presence of lower ability and drive students within a group tended to have a detrimental effect on that group's level of success in IC. The other high school teacher offered an interesting perspective on gender differences in the impact of IC participation, noting that in general he has observed that girls tend to view the world as a more complex place more so than do boys, and that IC projects tend to celebrate and benefit from this complexity, and offer a setting where girls can learn to successfully confront and manage the complexity without it leading to a bad grade. He also noted that IC has the potential to make a larger impact on a student from a disadvantaged background who has possibly had less prior exposure to these types of experiences, opportunities, and role models. The elementary school teachers did not report having observed differential impact for student subgroups.
Number 1, to get girls maybe to realize that all these loose ends are manageable, you just work on them and tie them up and continuously improve to make it better…for a girl that already sees the world as a complex place and they're dealing with these complexities and whatever this product and these ideas are is a good thing.
Conclusions
The InVenture Challenge is a university-based K-12 outreach program that seeks to inspire students to see themselves as part of the STEM and entrepreneurial enterprise by instilling the tools and processes for innovation. The structure of the IC is flexible to allow individualized implementation and ownership in each school and district while being part of a supportive ecosystem with the university at its center. The model is a unique K-16 approach to fostering innovation and broadening participation in engineering. Data from participating teachers indicates that the program is eliciting many of the intended student outcomes including problem solving, collaboration, interest in STEM, entrepreneurial thinking, learning from failure, and creativity.
Future Work
The authors are currently in the process of collecting data from select student samples directly to further verify the student outcomes described by the teachers. In addition, we are beginning to plan for recruiting of more disadvantaged groups into IC, including small town and rural communities, and investigating the necessary community infrastructure and implementation models that make invention education possible in geographic areas that are not proximal to an urban or education hub.
